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(54) METHOD FOR FABRICATING SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
fabricating a semiconductor device by forming a first 
gate insulation film of Si02 and a second gate insulation 
film of high dielectric constant metal oxide on a single 
crystal silicon substrate in which the second gate 
insulation film is etched without damaging the substrate. 
SOLUTION: Etching is performed without damaging a 
silicon substrate 1 by bringing the surface of a second 
gate insulation film 5 of metal oxide into contact with a 
chloride atom imparting gas without forming an ion 
sheath the surface of the second gate insulation film 5 
thereby causing reaction. 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** S | 10WS the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the semiconductor device characterized by carrying out etching 
processing of this metal oxide film by contacting the gas which is the manufacture approach of a 
semiconductor device equipped with the insulator layer which processed the metal oxide film of a high 
dielectric constant formed on the substrate, and contains chlorine in said metal oxide film. 
[Claim 2] a metal oxide film according to claim 1 - a titanic-acid ghost, a zirconic acid ghost, hafnium 
oxide, alumina oxide, and a tantalic acid ghost - the manufacture approach of the semiconductor device 
characterized by consisting of two or more mixture in the inside of inner either or the oxide of these 
plurality. 

[Claim 3] Said insulator layer according to claim 1 is the manufacture approach of the semiconductor 
device characterized by consisting of the 1st insulator layer which is formed on said substrate and 
located in this substrate side, and the 2nd insulator layer which consists of said metal oxide film formed 
in this 1st insulator layer in piles. 

[Claim 4] The gas containing said chlorine according to claim 1 is the manufacture approach of the 
semiconductor device characterized by including the gas which can supply a chlorine atom. 
[Claim 5] The gas containing said chlorine according to claim 1 is the manufacture approach of the 
semiconductor device characterized by not including the atom and molecule which were ionized. 
[Claim 6] The manufacture approach of the semiconductor device characterized by not forming an ion 
sheath in the front face of said metal oxide film on the occasion of said etching processing according to 
claim 1. 

[Claim 7] The etching approach which is the approach of etching the metallic oxide of a high dielectric 
constant, and is characterized by carrying out etching processing of this metallic oxide by contacting the 
gas which contains chlorine in said metallic oxide. 

[Claim 8] It is a semiconductor device equipped with the insulator layer which processed the metal 
oxide film of a high dielectric constant formed on the silicon substrate. Said insulator layer It consists of 
the 1st insulator layer located in said silicon substrate side, and the 2nd insulator layer which consists of 
said metal oxide film of a high dielectric constant formed in this 1st insulator layer in piles. The 
semiconductor device characterized by there being less defect density in the film in the field which 
adjoins said insulator layer among said silicon substrate surfaces than the case where ion assistant 
etching processing is used. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device using the etching approach 
and high dielectric constant gate dielectric film and its manufacture approach of a metallic oxide 
equipped with a high dielectric constant. 
[0002] 

[Description of the Prior Art] Thin film-ization of gate dielectric film is advanced for the purpose of 
low-power-izing of an integrated circuit. The fall of the increment in the leakage current by the direct 
tunnel between a gate electrode and a channel layer and the dielectric-breakdown dependability of gate 
dielectric film has posed a problem with thin-film-izing of a Si02 gate insulation. 
[0003] In order to solve this problem, application examination of a high dielectric constant ingredient is 
progressing as an ingredient which replaces Si02 gate dielectric film. Since the same capacity as Si02 is 
obtained even if it uses the thick film physically by using a high dielectric constant ingredient for gate 
dielectric fiLm, the leakage current can be suppressed. 

[0004] As; this high dielectric constant gate-dielectric-film ingredient, adoption of stable oxide is 
specifically proposed by thermodynamics targets, such as a titanic-acid ghost, a zirconic acid ghost, 
hafnium oxide, a tantalic acid ghost, or alumina oxide. 

[0005] Moreover, in order to make smooth electrically the interface of Si and these gate dielectric film, 

considering as two-layer structure by forming Si02 film in this interface is also proposed. 

[0006] 

[Problem(s) to be Solved by the Invention] However, these high dielectric constant ingredients are 
thermodynamically stable. For this reason, selection of the etching approach suitable for the metallic 
oxide used as a high dielectric constant ingredient has been a technical problem. 
[0007] There is a reactive-ion-etching method which etches as one of the approaches of etching such 
stable matter according to the synergistic effect of the kinetic energy of the accelerated ion and the 
active species generated in the plasma. 

[0008] However, by the etching approach using above-mentioned ion, the above-mentioned plasma, etc., 
since the kinetic energy of ion is used, when the etched film becomes thin by advance of etching, ion 
may be driven into a substrate or a substrate. For this reason, the damage was given to the substrate and 
substrate with which the interface of the etched film or it is formed, and there was a problem which 
affects a subsequent process. 

[0009] In order to avoid this problem, it is necessary to adopt the etching approach of not giving a 
damage. The typical approach is the wet etching approach. However, in this approach, the drug solution 
which etches the above-mentioned quantity dielectric constant ingredient efficiently is not yet found. 
Moreover, after performing wet etching, a desiccation process becomes indispensable, and there is a 
disadvantageous point that a routing counter increases compared with the dry etching approach. 
[0010] This invention was made in view of the above-mentioned point, and the purpose is in offering the 
approach of etchi ng the metallic oxide which is a stable high dielectric constant ingredient 
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thermodynamicaily according to a dry process, the manufacture approach of a semiconductor device 
equipped with the high dielectric constant insulator layer processed into the predetermined 
configuration, without giving a damage to a substrate using the approach, and its semiconductor device. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, by the etching 
approach of this invention, it is characterized by performing etching processing by contacting metallic 
oxides of a high dielectric constant, such as a titanic-acid ghost, a zirconic acid ghost, hafnium oxide, a 
tantalic acid ghost, or alumina oxide, in the gas containing chlorine, for example. 
[0012] Moreover, in order to attain the above-mentioned purpose, by the manufacture approach of the 
semiconductor device of this invention, the etching approach of above-mentioned this invention is used, 
the metal oxide film of a high dielectric constant is processed, and it is characterized by forming the 
insulator layer of a desired configuration. 

[0013] In order to attain the above-mentioned purpose moreover, in this invention In a semiconductor 
device equipped with the insulator layer which processed the metal oxide film of a high dielectric 
constant formed on the silicon substrate Said insulator layer consists of the 1st insulator layer located in 
said silicon substrate side, and the 2nd insulator layer which consists of said metal oxide film of a high 
dielectric constant formed in this 1st insulator layer in piles. In the field which adjoins said insulator 
layer among said silicon substrate surfaces, or there is no defect which may be produced because the 
element used for etching processing of this insulator layer carries out the impact of this silicon substrate 
surface, it is characterized by being few in an emergency. 
[0014] 

[Embodiment of the Invention] The insulator layer of a semiconductor device is formed in this 
invention, without giving a serious damage to the substrate and substrate front face of this metallic oxide 
by processing the metallic oxide of a stable high dielectric constant ingredient thermodynamically using 
a chlorine atom. 

[0015] (Reason for selection of a chlorine atom) In order to carry out etching removal of the metallic 
oxide by the dry process, it is necessary to satisfy the following two items. 
[0016] ** The reaction of a metallic oxide and etching gas should move on. 
[0017] ** The vapor pressure of an etching resultant is high. 

[0018] First, the vapor pressure of the compound of Ti, Zr, and Hf was investigated. Consequently, it 
became clear that the vapor pressure of a halogenide is high. The temperature dependence of the vapor 
pressure of the halogenide of Ti, Zr, and Hf is shown in drawing 1 , drawing 2 , and drawing 3 . These 
drawings show that the halogenides with high vapor pressure are a chloride and a bromide. In addition, 
the halogenide of Ti shows the vapor pressure of 0. 1 or more Torrs also in the room temperature. The 
halogenide of Zr and Hf shows the vapor pressure of about 1 mTorr in 1 00-degreeC, and shows the near 
pressure 760 Torrs by 300-degreeC. However, among the halogenides of Ti, Zr, and Hf, since the vapor 
pressure of a fluoride is remarkably low compared with other halogenides, by the dry etching approach 
using F system gas, it turns out that it cannot etch. 

[0019] Next, the ease of progressing of the reaction of Ti02 or Zr02, and each halogen atom was 
compared. The ease of progressing of a reaction can calculate Gibb's free energy about each of each 
metallic oxide, a chlorine atom, and a resultant, and can make an index the value (deltaG) which 
deducted Gibbs free energy of the system before a reaction from Gibbs free energy of the system after a 
reaction. This deltaG and a reaction equilibrium constant (K) have the relation of a degree type. 
[0020]K**exp(-deltaG/RT) 

However, R is a gas constant and T is the temperature of the system of reaction time. It turns out that a 
reaction will hardly progress from this formula if deltaG is the value of 0 or + but it is in the inclination 
for a reaction to progress, so that a value is large, if deltaG is - conversely. The result of having 
calculated the temperature dependence of deltaG in each reaction is shown in drawing 4 . It turns out 
that each deltaG of the reaction which generates a bromide becomes 0 or a forward value, and a reaction 
does not progress. On the other hand, as for the reaction which generates a chloride, all are known by 
that deltaG becomes a negative value and a reaction progresses. Therefore, etching of each metallic 
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oxide is attained by using a chlorine atom. 

[0021] (Selectivity with Si02) On the other hand, deltaG by which the chloride of Si02 to a chlorine 
atom and Si is generated is also the value of -, and an etching reaction may progress like a metallic 
oxide. However, the reaction rate is decided by the rate-determining step of a reaction. When the rate- 
determining step of a reaction is in the process in which association with a metal, or Si and 0 is cut, it 
will depend for a reaction rate on a metal or the bond strength of Si and O. As a result of investigating 
bond strength, to Si-0 being 806 kJ/mol, Ti-0 is 659 kJ/mol and Zr-0 is 634 kJ/mol. Therefore, 
compared with Si02, the reaction rate according [ the direction of Ti02 or Zr02 ] to a chlorine atom is 
large. 

[0022] (How not to give a damage) In order to obtain a chlorine atom, there are the following two 
approaches. 

[0023] (1) How to decompose the gas containing chlorine with heat 
[0024] (2) How to decompose the gas containing chlorine by the plasma. 

[0025] By the approach of obtaining a chlorine atom using the heat energy of the above (1), since ion is 
not generated, the damage to the substrate of an etched processing object is not generated. However, by 
the approach of obtaining a chlorine atom using the plasma of the above (2), an ion sheath is formed 
between the plasma and an etched processing object. For this reason, the potential difference arises 
between the plasma and an etched processing object, ion is accelerated according to that potential 
difference, and a damage is given to the substrate of an etched processing object. 
[0026] Therefore, in order not to give a damage to a substrate, it is required to constitute so that the 
plasma is formed in somewhere else distant from the etching processing room where for example, 
etching processing is performed, and only the neutral chlorine atom which is not plasma-ized may be 
supplied to the etching processing room concerned and may be made to react with an etched processing 
object. 

[0027] That is, in this invention, the semiconductor device equipped with the insulator layer which 
consists of a high dielectric constant ingredient by which etching processing was carried out on a silicon 
substrate is manufactured by making the gas containing chlorine atom supply nature gas contact. As a 
high dielectric constant ingredient, a titanic-acid ghost, a zirconic acid ghost, hafnium oxide, a tantalic 
acid ghost, alumina oxide, or such mixture exist here, for example. Moreover, what contains at least one 
kind of gas chosen from a chlorine atom and chlorine fluoride as chlorine atom supply nature gas is 
desirable. 

[0028] Moreover, in order to reduce or lose the damage which gives a substrate in etching processing in 
this invention, it is desirable to include at least one means among the means which lessens the amount of 
the plasma include in the above-mentioned chlorine atom supply nature gas or ion as much as possible, a 
means to by_which an ion sheath is made be form in the front face of the etch film, and the means which 
make [ many / as possible ] the amount of the radical chlorine atom contain in the above-mentioned 
chlorine atom supply nature gas. 
[0029] 

[Example] This example explains the manufacture process of a MOSFET which formed gate dielectric 
film using etching processing of this invention with reference to drawing 5 - drawing 10 . 
[0030] The slot 2 for isolation is formed in the front face of the Si substrate VSi02 film 3 is embedded 
with the heat CVD method which made material gas 03 and TEOS (Si4 (OC2H5)), and flattening is 
carried out using CMP ( drawing 5 ). 

[003 1] Next, Si02 film 4 with a thickness of about 2nm which is the 1st gate dielectric film is formed in 
the front face of the Si substrate 1 by heat treatment, Ti02 film 5 with a thickness of about 20nm which 
is the 2nd gate dielectric film is formed with a CVD method on it, and Pori Si 6 for gate electrode 
formation is formed with a CVD method on it ( drawing 6 ). 

[0032] A resist is applied on it, and only gate electrode formation partial 6a leaves a resist, removes the 
resist of the other field by exposure and development, and performs anisotropic etching for Pori Si by 
the gas of F system by using this resist as a mask ( drawing 7 ). Here, F system gas was used for 
carrying out etching removal of the Pori Si film, without etching Ti02 film 5 as mentioned above. 
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[0033] Si02 film is formed on the whole surface after resist removal with the heat CVD method which 
makes TEOS material gas, etchback removal of Si02 of the other field is carried out by anisotropy dry , 
etching by using as a mask the resist which it left only to the gate polar zone, and the spacer layer 7 of 
Si02 is formed in the top face and side face of a gate electrode ( drawing 8 ). 
[0034] then, the ** which does not etch a gate electrode by using this spacer layer 7 of Si02 as a 
protective coat — the TiO two-layer of a source drain field the etching processing using the chlorine 
atom of this invention removes 5 ( drawing 9 ). 

[0035] then, IMPLTRA to the source drain field in which removed Si 02 thin film 4 of a source drain 
field by wet etching, only the source drain field was made to carry out epitaxial growth of the silicon 
alternatively, and the epitaxial film 8 of silicon was formed — carrying out — annealing in plastic — 
FET was formed by activating a dopant the bottom, forming the source drain 9, and removing the spacer 
layer 7 of Si02 on gate electrode 6a ( drawing 10 ). 

[0036] Next, the etching process of the Ti02 above-mentioned film 5 is stated to a detail. 
[0037] An example of the configuration of an etching system was shown in drawing 1 1 . In the etching 
system of this example, the etching processing room 21 consists of shower plates 27 for supplying at 
homogeneity the piping 26 which leads the exhaust air pump 22 for keeping constant the pressure of the 
etching processing interior of a room concerned, a pressure regulating valve 23, the susceptor 24 that 
heats an etched processing substrate, the chlorine atom feeder 25 which supplies a chlorine atom, and a 
chlorine atom to the etching processing room 21, and its chlorine atom to the substrate front face on a 
susceptor 24. 

[0038] An example of the configuration of the chlorine atom feeder 25 was shown in drawing 12 . The 
chlorine atom feeder 25 of this example is constituted from a microwave generation source 34 of the 
.chlorine gas supply machine 32 which supplies argon gas, and 33 or 2.45GHz of argon gas supply 
machines, and a waveguide 35 which leads microwave to the alumina tube 3 1 from a generation source 
as chlorine gas and carrier gas by the alumina tube 3 1 and this which generate a chlorine atom. 
[0039] With the chlorine atom feeder 25 of this example, where chlorine gas and argon gas are passed in 
the alumina tube 31, microwave is irradiated through a waveguide 35 from the microwave generation 
source 34, and a chlorine atom is generated by generating the plasma within the alumina tube 31. The 
generated chlorine atom is supplied to the etching processing room 21 through piping 26 with the flow 
of gas. 

[0040] A well-known remote radical generation method is used for the chlorine atom feeder 25 of this 
example, many chlorine atoms introduced into the etching processing room 21 by introducing gas 
through piping 26 to the etching processing room 21 which only predetermined distance separated from 
the alumina tube 31 cannot be found in an electric charge condition, and it is made for a part to be in the 
condition of a radical. 

[0041] In addition, although the remote radical generation method was used as a generation method of a 
chlorine atom in this example, the approach of generating a chlorine atom in this invention is not limited 
to this. If it prevents the gas in the plasma state or the condition of having been ionized trespassing upon 
the etching processing room 21 or can avoid forming an ion sheath in an etched processing substrate 
front face while leading the chlorine atom in the condition of not being ionized by the etching 
processing room 21, it is good also as a configuration which generates a chlorine atom by the other 
approaches and is introduced to the etching processing room 21. 

[0042] For example, it is good also as a configuration which supplies the electron a deviation or for 
carrying out a trap or carbonating ion for the ionized atomic molecule to which electromagnetic field 
were applied in the middle of piping 26. 

[0043] In this example, the following procedure performs etching using a chlorine atom. 

[0044] At first, the etching processing room 21 is made into the pressure of 0.001 or less Torrs with the 

exhaust air pump 22. A processed substrate is conveyed from a conveyance room (not shown) to the 

susceptor 24 in the etching processing room 21. Processed substrate temperature is heated to 100- 

degreeC. 

[0045] Next, a sink and a pressure regulating valve 23 adjust the pressure in the etching processing room 
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21 for chlorine gas and carrier gas to 0.05Torr(s) from the chlorine atom feeder 25 in the condition of 
not operating the microwave generation source 34. Then, the microwave generation source 34 was 
operated, the gas containing the neutral chlorine atom which is in the condition of a radical in part was 
supplied to the etching processing room 21, and etching removal of the Ti02 film 5 currently formed in 
the processed substrate front face arranged on the susceptor 24 was carried out. 
[0046] In addition, although Si substrate is assumed as a processed substrate in this example, in 
manufacture of TFT using a glass substrate or a quartz substrate, this invention is applicable similarly. 
[0047] Thus, the result of having measured the source of created FET or the junction leakage current of 
a drain is shown in drawing 13 R> 3. According to the etching art of this example, compared with the 
case where Ti02 film is etched by the conventional ion assistant etching method, it was able to stop to 
the value as shows the junction leakage current at the time of applying the electrical potential difference 
of minus to drawing 13 . Since an etching damage does not occur in the interface of a silicon substrate 
and a silicon epitaxial layer, this is considered that defective level was not formed. 
[0048] As explained above, according to this example, etching removal of Ti02 film was attained by 
using a chlorine atom for etching gas. 

[0049] Moreover, according to this example, since an etching reaction did not generate damages, such as 
an ion bombardment, the junction leakage current of a source drain was able to be suppressed. 
[0050] Moreover, although the case where a titanic-acid ghost was etched in manufacture of the 
MOSFET used for gate dielectric film using a chlorine atom was mentioned as the example and this 
example explained it, the class of the metallic oxide which can apply this invention, a semiconductor 
device, and insulator layer is not limited to this example, and etching processing can be carried out about 
other metallic oxides, a semiconductor device, and an insulator layer as well as this example. 
[0051] 

[Effect of the Invention] As explained in full detail above, according to this invention, by using a 
chlorine atom as etching gas, etching removal of the metallic oxide which is a high dielectric constant 
ingredient is attained, and manufacture of the semiconductor device using this metallic oxide as an 
insulator layer is attained. 

[0052] Moreover, according to this invention, since damages, such as an ion bombardment, did not 
occur during etching processing, the junction leakage current of a source drain could be suppressed, and 
the dependability of a semiconductor device and the manufacture yield were able to be raised. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] The graph which shows the vapor pressure curve of the halogenide of Ti. 
[Drawing 2 ] The graph which shows the vapor pressure curve of the halogenide of Zr. 
[Drawing 3] The graph which shows the vapor pressure curve of the halogenide of Hf 
[Drawing 4] The graph which shows the temperature dependence of deltaG of the reaction of each 
metallic oxide and a halogen atom. 

[Drawing 5] The important section sectional view showing one process of the manufacture approach of 
FET which is 1 operation gestalt of this invention. 

[Drawing 6] The important section sectional view showing one process of the manufacture approach of 
FET which is 1 operation gestalt of this invention. 

[Drawing 7] The important section sectional view showing one process of the manufacture approach of 
FET which is 1 operation gestalt of this invention. 

[Drawing 8] The important section sectional view showing one process of the manufacture approach of 
FET which is 1 operation gestalt of this invention. 

[Drawing 9] The important section sectional view showing one process of the manufacture approach of 
FET which is 1 operation gestalt of this invention. 

[Drawing 10] The important section sectional view showing one process of the manufacture approach of 
FET which is 1 operation gestalt of this invention. 

[Drawing 11] The block diagram showing the example of a configuration of the etching system which 
are other operation gestalten of this invention. 

[Drawing 12] The block diagram showing the example of a configuration of the chlorine atom feeder 
which are other operation gestalten of this invention. 

[Drawing 13] The graph which compared the junction current of the semiconductor device 
manufactured using the conventional ion assistant etching approach and the etching approach of this 
invention. 

[Description of Notations] 

1 - Si substrate 

2 - Slot 

3 « Si02 film 

4 - Si02 gate dielectric film 

5 - Ti02 gate dielectric film 

6 — Gate electrode 

7 — Si02 spacer layer 

8 — Silicon epitaxial film 

9 — Activation field 

21 - Etching processing room 

22 — Exhaust air pump 

23 -- Pressure regulating valve 
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24 - Susceptor 

25 - Chlorine atom feeder 

26 - Piping 

27 - Shower plate 

31 - Alumina tube 

32 - Chlorine gas supply machine 

33 — Argon gas supply machine 

34 — Microwave.generation source 

35 — Waveguide. 



[Translation done.] 
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